We use three years data from six permanent GPS stations, in the Korean peninsula and Jeju Island, to examine the relative displacement between Jeju Island and the Korean peninsula and whether the Jeju Island lies on the Amurian Plate or not. Out of these stations, three sites, considered to be on the stable interior of the Amurian Plate (the Korean peninsula), showed relative velocities less than 1.3 mm/yr. On the other hand, the maximum velocity of the Jeju Island stations was 2.1 mm/yr with respect to DAEJ station, and the average relative velocity between the island stations and those in the main land are less than 1.7 mm/yr. By comparing these results with other velocities within the Amurian Plate, we found that the observed velocities are intra-plate. Our results are supported by geological evidences and seismological records, which claimed that the Korean peninsula and the Jeju Island are on the same plate. Hence, the Amurian Plate boundary line is considered to lie somewhere to the south of Jeju Island.
Introduction
Two Major factors are controlling the tectonics of eastern Asia ( Fig. 1 ): 1) subduction of oceanic plates (the Pacific Plate and the Philippine Sea Plate) and 2) the collision of the Indian Plate with the Eurasia Plate resulting in the eastward expulsion of relatively small continental plates (Molnar and Tapponnier, 1975) . The regional tectonics and seismicity suggest the existence of the Amurian Plate embracing northeast China, the Korean peninsula, the East Sea (Japan Sea), and the southeastern part of Russia (Zonenshain and Savostion, 1981) . Moreover, they suggested that the Southern boundary of the Amurain Plate runs from the southern end of the Baikal Lake, along the eastern tip of the Bogdo fault and the northern margin of Shanxi Graben, to the central part of Bohai Sea until it connects with the southern tip of Nankai Trough. In addition, Wei and Seno (1998) traced out the Amurain Plate boundary line (line A- Fig. 1 ) as it was suggested by Zonenshain and Savostin (1981) , but they show that the Jeju Island is lying out of the Amurain Plate (see Wei and Seno, 1998 , figures 2 and 4). On the other hand Kato (2003) , studied the tectonics of the eastern Asia and the western Pacific region using GPS observations, he claimed that the southern boundary of the Amurain Plate (line B- Fig. 1 ) are lying somewhere within the Korean Peninsula to the south of Daejeon (see figures 2 and 5 of his study).
The Jeju Island is a typical shield volcano located on the continental margin at the southern end of the Korean peninsula. The island was formed by alkaline basaltic magma Copy right c The Society of Geomagnetism and Earth, Planetary and Space Sciences (SGEPSS); The Seismological Society of Japan; The Volcanological Society of Japan; The Geodetic Society of Japan; The Japanese Society for Planetary Sciences; TERRA-PUB. similar to normal continental and oceanic alkaline basalt (Chough et al., 2000) . The alkaline volcanic rocks of the Jeju Island erupted between Pleistocene (1.2 Ma) and Holocene (AD 1570) (Won et al., 1986; Yun et al., 1987; Min et al., 1988) . The combined geochemical and Nd-Sr isotopical characteristics and radiometric ages of the granitic rocks from Jeju Island indicate that the basement of the island is correlated with the Okchan zone ( Fig. 1) (Kim et al., 2002) , and they conclude that the Okchan zone (in the Korean peninsula) is continuously extended to the Jeju Island.
Analysis of space geodetic data such as Global Positioning System (GPS) have demonstrated that movements of major plates in a geodetic time window (a few years) are consistent with those averaged over a few millions of years (Heki, 1996; Larson et al., 1997) . These data are useful especially for crustal movement and plate tectonic studies, since it provides velocities (i.e., both directions and rates) at necessary points on the plate in question and it dose not require exact knowledge of plate boundaries. Moreover, these data will contribute to defining the plate boundary when the points are densely distributed (Heki et al., 1999) . Heki et al. (1999) investigated the relative movement between the Amurian Plate and the Eurasian Plate by using GPS velocity data from 15 stations distributed in Korea, Russia, China and Japan. Out of these stations, three sites (DAEJ and SUWN in Korea, and VLAD in Russia) were selected to be on the stable interior of the Amurian Plate. Their results indicated that the Amurian Plate shows an eastward velocity 9-10 mm/yr with respect to the Eurasian Plate, while the intra-plate velocities are within 1 mm/yr.
The precise surveying using GPS in South Korea started with the establishment of the first permanent GPS station Sea Plate and DAEJ=Daejeon. The dashed lines are the southern boundary of AM-EU. All the boundaries are after Wei and Seno (1998) . A=boundary after Wei and Seno (1998) . B=boundary after Kato (2003) . Fig. 2 . Velocities of GPS stations with respect to DAEJ and their error ellipses with a confidence limit of 95%. in 1994, and more than 70 permanent GPS stations operate in South Korea now (Park et al., 2001) . In our paper, we investigate the relative movement between the Jeju Island and the Korean peninsula, and examine whether the Jeju Island resides on the Amurian Plate or not.
Data Processing
We analyzed three years data (April 2000 to March 2003) from six GPS sites, constructed on geologically stable marks (pillars), in the Korean peninsula and Jeju Island; two of them (DAEJ and SUWN) are International GPS Service (IGS) stations (Fig. 2) . All these stations have dualfrequency receivers Trimbel 4000SSi with two different antenna types (Table 1) . Bernese software version 4.2 was used in data processing; the IGS final orbits, satellite clock offsets, and IGS Earth orientation parameters were used in the data processing. The tropospheric delay was estimated by using the GPSEST program and the quasi-ionosphere free (QIF) strategy was employed for the ambiguity resolution (Beutler et al., 2001) . The ADDNEQ program of the Bernese software was used to combine all the normal equations; from the daily GPSEST solutions, and then a weekly solution were produced. These normal equations were combined into free solution, where the stations were selected to define the minimum constrained condition in the ADDNEQ program. The free solution has the purpose of outlier detection. After the exclusion of all the outliers, a fixed solution was generated where DAEJ station is considered to be fixed in the ITRF97 reference frame.
Finally, the relative station velocities were estimated and are listed with their RMS errors in Table 1 . Examples of the horizontal coordinate's time series are shown in Fig. 3. 
Results and Discussion
The two stations in the stable part of the Amurian Plate, namely SUWN and JUNJ were found to move by 1.3 mm/yr and 1.1 mm/yr, respectively, with respect to DAEJ (Fig. 2) . These velocities are similar to the intra-plate veloc- ities shown in Heki et al. (1999) . The observed velocities of the three stations in Jeju Island, CHJU, SNPA and JEJU, with respect to DAEJ, were 1.6 mm/yr, 2.1 mm/yr and 1.7 mm/yr, respectively. CHJU station, which is in the northern part of the Jeju Island, shows slightly different direction, but this irregularity is considered to reflect some local instability. Although the relative velocities between the Jeju Island and the Korean peninsula are greater than those between the stable part of the Amurian Plate (1 mm/yr), they were found to be within the measurements error (see Heki et al., 1999, figure 1(a) , table 1 and Table 1 of this paper). The earthquakes are not randomly distributed over the Earth's surface. They tend to be concentrated in narrow zones (belts) and these belts define the boundaries of the plates, while the interiors of the plates themselves are largely free of large earthquakes (Mogi, 1985; Asada, 1982) . From this viewpoint, we checked out the seismicity in and around the Korean peninsula. The average number of recorded earthquake events is twenty per year since 1978 (KMA, 2002) , and these events are generally small earthquakes. The largest recorded earthquake in the Korean peninsula was in 1980 and it has magnitude of 5.3 on the Richter scale (KMA, 2002) . Figure 4 depicts the major earthquakes occurred in and around the Korean peninsula with magnitudes larger than or equal to 4.0. These seismological records suggest that there is no seismic activity between the Korean peninsula and Jeju Island. Moreover the geological evidence provides that the Jeju Island basement is similar to that of the Korean peninsula (e.g. Kim et al., 2002) .
The present study has not precisely detected the Amurian Plate southern boundary line, but it shows that the boundary lies somewhere to the south of Jeju Island and it denies the boundary lines represented in the past studies (Wei and Seno, 1998; Kato, 2003) .
Conclusion
From the previous discussion we conclude that, (1) The relative velocities between the stations on the stable part of the Amurian Plate are less than 1.7 mm/yr. (2) This study denies the presence of both boundaries A and B suggesting that the Korean peninsula and the Jeju Island are on one plate (the Amurian Plate).
Future studies are planned to get more precise determination of the southern boundary of the Amurian Plate considering the Ocean bottom topography and seismic velocity in the Yellow Sea.
